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THE "BLEACHING" EFFECT I N  ZnS (Co) CRYSTALS UNDER THE INFLUENCE OF 
EXTREMELY LARGE PULSES  OF A RUBY LASER 

(Presented  by  Academician A.  A. Lebdev, December 8 ,  1965) 

L.  N .  Galkin 

The transmission  spectrum  of  cobalt-doped (N = 

= 2  x ~ m - ~ )  z i n c   s u l f i d e   c r y s t a l s  (1 mm t h i c k )  
eo 

u n d e r   t h e   e f f e c t   o f  a h igh- in tens i ty   ruby  laser r ad ia -  
t i o n  w a s  i n v e s t i g a t e d  a t  694 mp. The experiments were 
c a r r i e d   o u t  by  means  of t h e   s e t u p  shown i n   F i g l l r e  1. 
The r e s u l t s   i n d i c a t e   t h a t  50% "bleaching" was 
a t t a i a e d  a t  a n   i n c i d e n t   i n t e n s i t y  of approximately  50 
Mw/cm2, i n  a process   dur ing   which  a cons ide rab le   po r t ion  
of t h e  Co2+ i o n s  were exc i ted   f rom  the  4A2(F) s t a t e  t o  
t h e  4T,(P) s t a t e .  T h e  r e l a x a t i o n  t i m e  o f   t he   i nve r t ed  

t r a n s i t i o n  w a s  found t o  be   h igh ,  T = 1-10 s e c ,  assum- 
ing  u = 1.6-10-17 cm-2. T h i s   i n d i c a t e s . t h a t   o n l y  a negy 
l i g i b l e  number o f   i o n s   r e m a i n s   i n   t h e   m e t a s t a b l e  4T  (F) 

s ta te ,  t r ans i t i on   f rom  wh ich   i n to   t he   l ower  4A2(F) s t a t e  

i s  r a d i a t i v e  and requi res   t ens   o f   usec .   Thus ,   the  4T1(P) 

-+ 4A2(F)  and  4T2(F) -+ 4 A  (F)   t rans i t ions   remain   quas i - in-  

dependent when t h e  Co i o n s  are exposed t o   s h o r t   o p t i c a l  
p u l s e s .  

-9 

2 
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The a b i l i t y  of s e v e r a l   s u b s t a n c e s   t o   c h a n g e   t h e i r   t r a n s m i s s i o n   u n d e r  /315* 
t h e   i n f l u e n c e  of power fu l   l i gh t   f l uxes   has   been   r ecen t ly   d i scove red   (Ref .  1). 
T h i s   a r t i c l e   d e s c r i b e s   t h e   e f f e c t  of " b l e a c h i n g "   i n  a c r y s t a l  of z i n c  s u l -  
f i d e  which i s  a c t i v a t e d  by c o b a l t ,  when i t  i s  i r r a d i a t e d  by a powerful  ruby 
laser.  

A t  t h e   p r e s e n t  t i m e  w e  may f o r m u l a t e   c e r t a i n   p r i n c i p l e s   w h i c h  make i t  
p o s s i b l e   t o   p r e d i c t   w h e t h e r   b l e a c h i n g  w i l l  b e   o b s e r v e d   i n  a g iven   subs t ance  
i n   t h e   c a s e  of l i g h t   f l u x e s  whose s t r e n g t h  may b e   a c h i e v e d   i n   p r a c t i c e * * ,   I n  
t h e   f i r s t   p l a c e ,  a s u b s t a n c e   i n   t h e   g r o u n d  s t a t e  which   abso rbs   l i gh t  
i n   t h e   r e q u i s i t e   r e g i o n  of  the  spectrum may be  used as t h e   c o l o r a t i o n  
source.***  In   the  second  place,   there   must   be  no  absorpt ion of l i g h t  by a 

" 

* Numbers i n   t h e   m a r g i n   i n d i c a t e   p a g i n a t i o n   i n   t h e   o r i g i n a l   f o r e i g n   t e x t .  
~~ 

.. ~ . 

** We s h a l l   i n v e s t i g a t e   s u b s t a n c e s   t o   w h i c h   s o u r c e   c o l o r a t i o n   m o d e l s  may be  ap- 
p l i e d   ( e l e m e n t s   a n d   i o n s   w i t h   u n f i l l e d  d- o r   f -   s h e l l s ,   o r g a n i c   d y e s ) .  

It i s  somet imes   poss ib l e   t o   sh i f t   t he   abso rp t ion   band   o f   t he   sou rce   t oward  
t h e   r e q u i s i t e   s i d e  by t h e   s e l e c t i o n   o f   t h e   m a t r i x ,   s i n c e   t h e   d i s t a n c e   b e -  
tween  the  energy terms of   the   source  i s  de te rmined   t o  a s i g n i f i c a n t   d e g r e e  
by t h e   i n n e r   f o r c e   i n t e r a c t i o n   b e t w e e n   t h e   s o u r c e a n d t h e   m a t r i x .  

*** 



source  which i s  i n   a n   e x c i t e d  state*. I n  the t h i r d   p l a c e ,  the matrix i t se l f  
m u s t   a l s o   b e   t r a n s p a r e n t   f o r   t h e   g i v e n   r e g i o n  of t h e   s p e c t r u m .   F i n a l l y ,   i n  
t h e   f o u r t h   p l a c e ,  i t  i s  d e s i r a b l e  that  the  given  spectrum  have  photoluminescence.  
The la t te r  condi t ion   de te rmines  a c e r t a i n   " r e t a r d a t i o n "   o f   t h e   t r a n s i t i o n s   b e -  
tween   the   source  terms. Due t o   t h i s   f a c t ,  i t  i s  p o s s i b l e   t o   o b s e r v e   t h e   r a d i -  
a t ive t r a n s i t i o n s ,  whose p r o b a b i l i t y  i s ,  as a r u l e ,   c o n s i d e r a b l y  less t h a n   t h e  
n o n - r a d i a t i v e   t r a n s i t i o n s .  

Z i n c   s u l f i d e   a c t i v a t e d  by c o b a l t   s a t i s f i e s  a l l  o f   t h e s e   c o n d i t i o n s .  I t  
was shown i n  (Ref. 2) t h a t  a c o b a l t   i o n  Co2+ h a s  several  a b s o r p t i o n   b a n d s   i n  
t h e   v i s i b l e  and i n f r a r e d r e g i o n s  of the   spec t rum.   For   us ,  i t  i s  i m p o r t a n t   t h a t  
one of them b e l o n g s   t o   t h e   r e g i o n  of r a d i a t i o n   o f  a ruby laser. F i g u r e  1 shows 
the  spectrum,  which was recorded on a SF-4 spec t romete r ,   f o r   t he   t r ansmiss ion  
of a c r y s t a l  of z i n c   s u l f i d e   a c t i v a t e d  by cobal t .   Wi th  a c o b a l t   c o n c e n t r a t i o n  

Of NCo = 2.1018 cm-3 and a sample  thickness   of  1 mm i t s  t ransmiss ion  a t  t h e  

wave 

Figure  1 

Transmission  Spectrum  of a ZnS C r y s t a l  
Activated by  Cobalt NCo - 2.1018 cm-3, 

Thickness 1 mm. The  Arrow Designates  
t h e  Wave Length  of  the Ruby laser.  

F igure  2 

Diagram  Showing the  Arrangement   for  
Measuring  the  Non-Lineari ty   of   the  
Transmission of t h e   S a t u r a b l e   F i l t e r s .  

(1) - Transmission;  (2) - wave 
l e n g t h  . 

The t r a n s m i s s i o n   i n   t h e  case of l a r g e   l i g h t   f l u x e s  was measured  on a 
dev ice   ( s ee   F igu re  2 )  c o n s i s t i n g  of a s i n g l e   p u l s e   r u b y  laser 1, a system 
o f   n e u t r a l   d e n s i t y   l i g h t   f i l t e r s  2 w i t h   t h e   t o t a l   d e n s i t y  Dl0 = 2 .5 ,  t h e  
s a m p l e   t o   b e   s t u d i e d  3 ,  a n d   t h e   r a d i a t i o n  receiver 4 .  The f l u x   f a l l i n g   o n   t h e  

sample was changed by mutua l ly   in te rchanging  i t  a n d   t h e   n e u t r a l l l l q h t  ilters. 
The diaphragm 5 was loca ted   on   t he   r ad ia t ion   pa th   o f   t he  laser; th i s   d iaphragm 
s e p a r a t e d   t h e   p o r t i o n  of t h e   f l u x   w h i c h  w a s  t he   mos t   un i fo rm  ove r   t he   c ros s  ~- ~ ~~ 

~~ . ~ - - "~ - ~. ~ * 
This   does   no t   apply   to   sys tems.   having  a m e t a s t a b l e  s ta te  which   abso rb   l i gh t  
a t  the   working  wave l e n g t h  [see, for  example,   (Ref.  311. 

2 



s e c t i o n .  The r a d i a t i o n  w a s  recorded by means  of a s e n s i t i v e   c o l o r i m e t e r   4 .  
The e n e r g y   f a l l i n g  upon i t  w a s  determined by the  magni tude of t h e  
thermo-electromotive  force  f rom  the  thermocouples   which were b u i l t   i n .  A 
FEOU-15 a m p l i f i e r  6 was connected  between  the  thermocouples   and  the  output  de- 
v i c e  7. The s t a b i l i t y  of t h e   g e n e r a t o r   o p e r a t i o n  w a s  c o n t r o l l e d   a c c o r d i n g   t o  
t h e   e n e r g y   f a l l i n g  on t h e   a w i l l i a r y   c o l o r i m e t e r  8. Radia t ion  upon t h i s  
co lo r ime te r  w a s  c o n t r o l l e d  by means of a f i l t e r  9. 

Figure  3 p r e s e n t s   t h e   r e s u l t s  1316 

qs/ p"- - I - 

der ived   f rom  measur ing   the   b leaching  
of a f i l t e r  of zLnS(Co) as a f u n c t i o n  
of t h e   s t r e n g t h  of t h e   i n c i d e n t   r a d i a -  
t i o n  I A bleaching  of  50% w a s  
a c h i e v e d   f o r  a s t r e n g t h  of t h e   i n c i d e n t  
f l u x  of Io 'L 50 Mw/cm2. 

t 
CP 0.4 - 0 -  

7 - 0 A 5 0,z 

0 
2 5 IO 20 5 0 M 8 1 n / c ~ ~  

4 - (1) During   the   b leaching   process ,  
a s i g n i f i c a n t   p o r t i o n  of t h e   c o b a l t  
i ons  Co2+ changed  from the   l ower  s t a t e  
4A2(F) i n t o ' t h e   s t a t e  4T,(P). L e t  us 

i n v e r s e   t r a n s i t i o n .   F o r   t h i s   p u r p o s e ,  
w e  must assume t h a t   t h e   f o r m  of t h e  

F igu re  3 

Transmission Change I/(1 - R)I  ( R  - de te rmine   t he   r e l axa t ion  t i m e  of t h e  

R e f l e c t i o n   C o e f f i c i e n t )  of a Z d C r y s t a l  

Act iva ted  by Cobal t ,  as a Funct ion of s i n g l e   p u l s e   o f t h e l a s e r i s   r e c t a n g u l a r ,  
t h e   I n c i d e n t   I n t e n s i t y  Io of a Ruby and i t s  d u r a t i o n  is  s u c h   t h a t   s t a t i o n a r y  
laser. equ i l ib r ium i s  e s t a b l i s h e d   i n   t h e  

(1) - 50 Mw/cm2 sys tem.   For   th i s   case   (b leaching  

0 

. e q u a l l i n g  SOX), t h e   c o n s t a n t  of t h e  
r e l a x a t i o n  t i m e  T i s  as fo l lows ,   accord ing   to   (Ref .  3 )  

Assuming 0 = 1.6.10-17 cm-2, w e  o b t a i n  T '2 1.10-9 seconds  for   our   sample.   For  
i o n s   i n   a n   e x c i t e d  s t a t e  (n/NCo), i t  comprises n/NCo = (De - En 2) / [De - R:n 2) 

i- 1 1  o r ,   i n   o u r   c a s e ,  n/NCo 2 0.42. 

The r a p i d   r e l a x a t i o n   b e t w e e n   t h e   s t a t e s  4T,(P) and 4A2(F) i n d i c a t e s   t h a t  

o n l y   a n   i n s i g n i f i c a n t   p o r t i o n  of t h e   i o n s  i s  i n   t h e   m e t a s t a b l e  s t a t e  4T2(F). 

The t r a n s i t i o n   f r o m   t h i s  s t a t e  i n t o   t h e   l o w e r  s t a t e  4A (F)  has a r e l a x a t i o n  

t i m e  of tens   of   microseconds  (Ref ,  4)  and is  accompanied  by  radiation. Con- 
s e q u e n t l y ,   t h e  4T1(P) + 4A,(F) and  4T2(F) + 4A 2 ( F )   t r a n s i t i o n s  are quasi- in-  

dependent when i o n s  are i r r a d i a t e d  by s h o r t   l i g h t   i m p u l s e s .  
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